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An enantioselective palladium-catalyzed G)gp carbamoylation for the preparationdfiral
isoindolines was described for the first time. Mhiral monophosphorus liganB)¢{AntPho
as the ligand, a series of chiral isoindolines wprepared from diarylmethyl carbamoyl
chlorides in excellent yields and enantioseledgsitwith the palladium loading as loas :
mol%. Initial mechanistic studies indicated the rametric cyclizationcatalyzed a palladiu
species with a single chiral monophosphorus ligand.

2009 Elsevier Ltd. All rights reserved

OWenjun Tang. Tel: +86-21-54925515; e-mail: tangwe@sioc.ac.cn



2 Tetrahedron
1. Introduction a) Asymmetric C(sp®)-H carbamoylation (Baudoin)

. . . 0,
Enantioselective palladium-catalyzed carbon-carbon o] PdCl, (10 mol%)

) 4 ! chiral phosphonite (20 mol%) (0] _TMB
bond-forming reaction has become one of most ingmbrt CI*N/TMB PivOH, Cs,CO; E\l
asymmetric transformations in organic synthesis had P{ Mesitylene, CO, 120°C :

shown increasing applications. Asymmetric cycliaati

using simple and easily accessible starting mdsesach , _

as unfunctionalized arenes to build chiral buildisigcks ) Asymmetric C-H/N-H carbonylation (Xu)

or intermediates has become an attractive method. | Ts ?
particular, the recent advances in palladium-catdy HN™ PdéOA‘i)zv(}ooT‘o';@vC‘fg'zgogﬂg'%) CE/fNTS
asymmetric C(sf)-H and C(sp)-H arylation from aryl O 0c-L-Val-OH (30 mol%), C%,COs

75% yield, 84% ee

halides has received considerable attentiorThe PrOH, CO/0;, 80°C @
palladium-catalyzed carbamoylation using carbamoyl
chlorides as the starting materials is an attraatinethod to 91% yield, 94% ee

make amides or lactams. Baudoin and co-wofkbeve
recently developed a C&pH carbamoylation to form a
range off-lactams (Scheme 1a). With a chiral TADDOL- Br O Pd(OAC); (4 mol%) O o

derived phosphonite as the ligand, an enantioseéect p-OPh (R,R)-Me-AntPhos (8 mol%) 520
version was achieved to provide the chiral lactaodpct OO OPh Ph,CHCOOK OO “oPh
in 84% ee. However, to the best of our knowledge, n touene, 70°C

c) Asymmetric C(sp?)-H arylation (Tang)

asymmetric C(sf)-H carbamoylation has ever been 83 yield, 88% ee
reported.

Isoindolines are important structural unitsnamerous & Asymmetric C(sp?)-H carbamoylation (This work)
natural products and bioactive compoufd3ynthesis of 0 ?
chiral isoindolines has gained considerable atbehtiXu ’BU\NXC, Pd(OAc), (1 mol%) CdN’BU
and co-workers have recently reported an interesting ‘)\‘ (R-AntPhos (4 mol%) 4
enantioselective C-H carbonylation of sulphonamidéts O PIVOH, Cs,CO5 %
Pd/Cu co-catalysts (Scheme 1b). With a chiral mhRno- €O, toluene @
protected amino acid as the ligand, excellent 96% ee, 90% yield

enantioselectivities (up to 96% ee’s) were achiewada  Scheme 1. AsymmetricC(sfF)-H carbamoylation reaction
series of lactam products, albeit with the requieatrof 10

mol% catalyst loading. We reported an asymmetric We initially chose carbamoyl chloridga as the substrate
intramolecular Pd-catalyzed C@H arylation of diaryl  for study (Table 1 entries 1-4). The reactions vezeied out
ortho-bromo aryl phosphonates by employing a P-chiraln toluene at 86C for 24 h with cesium carbonate as the base
monophosphorus ligarfd. With (R, R)-Me-AntPhos as the and PivOH as the additive in the presence of PdjQ4&
ligand, a series of P-chiral biaryl phosphonatesrewe mol %) and a chiral monophosphorus ligand (5 mol ¥
synthesized in high yields (up to 92%) and goodour delight, the four monophosphorus ligahds4 developed
enantioselectivities (up to 88% ee) under mild d¢bods  in our group all provided the cyclization prodiBzt in high
(Scheme 1c). We proposed that a similar asymmetrigields, however with no or low enantioselectivitieAmong
cyclization could also be developed on carbamoythem, R)-AntPhos [3) provided a 37% ee. We thought the
chlorides as the substrates for preparation ofthictams. N-R substituent might play a significant influence the
Herein we report a highly enantioselective pallatiu enantloselectlwty, _hence carbamoyl chloridgb-d with .
catalyzed C(s)-H carbamoylation of diarylmethyl d|ff(_erent N-R substltuent_s were prepared from corresp_ondmg
carbamoyl chiorides by employing AntPhos as theathi amines 1b-_d and cycll_zatlon of 2b-d under _palladlum
ligand, providing a series of chiral isoindolinesexcellent catalysis withL 3 as the ligand were tested (entries 5-7). Both

yields and enantioselectivities with the palladilzading SuPstrate2b-c led to their corresponding cyclization products
as low as 1 mol% (Scheme 1d) with moderate yields and low ees, while tiNephenyl

substrate2d was inactive. Produ@c was obtained in 45% ee
2. Result and discussion (entry 6). The main side-reaction during the transftion
was the decarbonylation to form the secondary ariting. ™"
The preparation of acbamoyl chlorides 2a-d was  Since change of theN-substitution did not provide a
accomplished from corresponding secondary amlaes by  pronounced effect on enantioselectivity, we decigechange
treatment with triphosgene and NEt DCM. After a simple the PdL3 ratio of the reaction. Thus, the amount of ligargl
aqueous work-up, the crude carbamoyl chloridasl were  was changed from 5 mol % to 10, 15, 20 mol % \&lthas the
used directly without further purifications for tretudy of  substrate (entries 8-12). Surprisingly, when 10 Priobf L3
enantioselective palladium-catalyzed cyclization. was employed, the ee value 3if increased to 91% (entry 8).
Further increase of the ligand loading not onlyarded the
enantioselectivity but also the yield 8b. When 5 mol %
Pd(OAc) and 20 mol % okt 3 were employed in this reaction,
a 96% ee and 80% isolated yield were achievedydty. A
lower reaction temperature (7G) was also applicable, albeit
with slightly less ee and yield (entry 11). Despite excellent
enantioselectivity and good yield, we were notsigil with



Table 1. Enantioselective C(8pH carbamoylation:
optimization of reaction conditions
0
0
R‘NH Triphosgene R'NkC| Pd(OAc),, ligand N-R
Et3N PlVOH, C32C03 4
ihaskheCobe 3
DCM toluene @
1a-d 2a-d 3a-d
0 o]
(L L
P B P mu
G 99%
L1 (R = H): (R)-BI-DIME L3 (R = H): (R)-AntPhos
L2 (R = Me): (R,R)-Me-BI-DIME L4 (R = Me): (R R)-Me-AntPhos
Entri R L co Pd/L* T Yield Ee%
est? (atm) (mol%)  (°C) w™
1 Me (3a) L1 - 5/5 80 75 0
2 Me (3a) L2 5/5 80 85 0
3 Me (3a) L3 5/5 80 90 37
4 Me (3a) L4 5/5 80 93 0
5 iPr (3b) L3 5/5 80 57 30
6 (2,4,6- L3 5/5 80 61 45
(MeO)3;Bn
(3¢)
7 Ph (3d) L3 5/5 80 0 nd
8 iPr (3b) L3 5/10 80 69 91
9 iPr (3b) L3 5/15 80 75 94
10' iPr (3b) L3 5/20 80 80 96
11° iPr (3b) L3 5/20 70 72 90
12 iPr (3b) L3 - 1/4 80 41 75
13 iPr (3b) L3 3 1/4 80 42 94
14 iPr (3b) L3 3 1/3 80 46 87
15 iPr (3b) L3 3 1/2 80 17 79
16 iPr (3b) L3 3 1/1 80 trace nd
17 iPr (3b) L3 6 1/4 80 85 92
18 iPr (3b) L3 9 1/4 80 90 LY
19 iPr (3b) L3 12 1/4 80 92 92

[a] Unless otherwise specified, the reactions wertopaed at
the designated reaction temperature in toluenel(lwith 2 (0.1
mmol), Cs,CO; (1.0 equiv), and PivOH (30 mol %j)nder
nitrogen or CO atmosphere for 24 h in the presefid¢ed(OAc)

as the palladium precursor and® as the chiral ligand. The
absolute configurations &a-c were assigned by analogy or by
comparing the sign of their optical rotation witlpoeted datd®

[b] Isolated yield. [cEe values were determined by chiral HPLC
on a chiralpak AD-H column.

the high palladium and ligand loading. Consideritige
dramatic effect on both ee’s and yields with ligdodding,
we wondered whether the RP@ ratio played a major effect.
Thus, the reaction was performed in the presenderobl %
Pd(OAc) and 4 mol % of_3, significant decreases on both ee
and yield was observed (entry 12). However, theas not as
low as in entry 5, indicating the ee could be aahicat high
level even at 1 mol % paIIadium loading. Since
decarbonylation could be the major side- reactloaﬂthvought
weather we could run the reaction under®@@nosphere to
inhibit the decarbonylation. Under 3 atm of CO, were
surprised that the ee significantly increased t& %k, albeit
with a similar yield (entry 13). Decrease of th&/Pd ratio
from 4, to 3, 2, 1 deteriorated both the yield and the e
(entries 14-16). We thus kept the ratio lo3/Pd as 4 and
further

3

Table 2. Enantioselective C(é}aH carbamoylation:
substrate scoﬂﬂ
i Pd(OAc) {
C)2,
t”phE"éﬂe”e Ry PIVOH, base N-R

- =

O O toluene

Cdf Cdﬂ
O AL O

3e 3f
57% yield, 93% ee 74% yield, 99% ee

Co-O

O

3i
94% yield, 95% ee

P
Oy

3l
98% vyield, 99% ee

&0

[0)

Crow-
3a
91% yield, 79% ee

CIo0
39
80% yield, 97% ee

(0]
Co-C
3j
77% yield, 99% ee

©%3&f@£f
o

3n
72% vyield, 75% ee

o) o)
F } cl }
N N
w F 3 al
83% yield, 95% ee 91% yield, 92% ee

Nos 2allin puvs
Q =

3s
91% yield, 95% ee 90% yield, 96% ee

o)

O

O

3h
88% yield, 91% ee

(0]
F
i
3k E
74% yield, 96% ee

3c
61% vyield, 96% ee

3m
87% vyield, 96% ee

fosta
s

30
84% yield, 89% ee

st

CF3
3r
73% yield, 92% ee

[a] Unless otherwise specified, the reactions wertopaed at
80 °C under CO (9 atm) for 24 h in toluene (2 mL) w&K0.2
mmol), Pd(OAc) (1 mol %),L3 (4 mol %), CsCO; (0.2 mmol),
and PivOH (30 mol %);

comparing the sign of their optical rotation witipoeted datd.

isolated vyields; ee values were
€Qetermined by chiral HPLC. The absolute configuraidoy



4 Tetrahedron

increased the CO pressure of the reaction. Pldgsitite A brief mechanistic pathway of the Cip
yield dramatically increased under 6 atm of COjdating the  carbamoylation is proposed, as shown in Figure @d#ive
effective inhibition of decarbonylation (entry 17)An  addition of carbamoyl chlorid2l by a Pd (0) species leads
excellent ee (94%) and yield (90%) were achievedeur®  to the formation of a Pd(ll) speci@ Under CO atmosphere,
atm of CO at 1 mol % palladium loading (entry 1Blrther  the g-elimination of B to E could be effective inhibited.
increase of CO did not provide much improved res(éhtry  ynder basic conditionsB undergoes C(§pH activation
19). We thus chose Pd(OAc]l mol %), R)-AntPhos (4  through a concerted metalation-deprotonation pagivaia
mol %), CsCO; (1 equiv), PIVOH (30 mol %), CO (9 atm), yansjtion stateC, to form the palladacyleD. Reductive
toluene as the solvent, and 8D as the optimized reaction elimination of D leads to the formation of produgt and

conditions for further studies. regenerates the Pd(0) speclesThe transition stat€ could
The substrate scope of this enantioselective gallad have two possible conformers shown in Figure 2. In

catalyzed C(sP-H carbamoylation was studied under theconformerb, a steric interaction between the anthryl group of

optimized reaction conditions. Carbamoyl chlori@eg with  the ligand and one phenyl substituent of the satssis much

variousN-alkyl substituents were subjected for the cyciaat likely, while the more stable conformarleads to produc3l

and all provided chiral products in satisfactorelgs and with the observed stereochemistry.

good to excellent ee’s (Table 2). Themethyl product3a

was obtained in 79% ee. The relative low ee contptrdhat 3l 21

of 3b is possibly due to the smaller size of the metglup. Pd(AO)'L
Products3e-m with either primary alkyl groups such as
pentyl, isopentyl, isobutyl, and cyclohexylmethylor

secondary cyclic and acyclic alkyl groups suchydabutyl, PhYPh P PR
cyclopentyl, cyclohexyl, 3-pentyl and isopropyll ptovided Ph.., N Pd/Cl — Y
excellent ee’s and yields. Under the optimized dtons, the : (Rr-AntPhos

N-(2',4',6'-(MeQ)3Bn product3c was also obtained in 96% ee. B E
Various para-substituted diarylmethyl carbamoyl chlorides Csop,v
could also be employed. Substituents such as fl{8pd, Plvoﬁ_\ (@

chloro @q), trifluoromethyl @r), methyl @s), andtert-butyl “H-- C52C03 PivOH
(3t) were all compatible. Interestingly, asymmetriclation YP#\O ‘ CSC'

of bothmeta-substituted diarylmethyl carbamoyl chloridars L

and 20 occurred exclusively at the para position to the ¢
substituents, formin@n and 3o in good enantioselectivities,
respectively. Apparently, much steric hindrance Mou
encounter if the cyclizations occur at thr¢ho positions to the
substituents.

The high enantioselectivity achieved la8/Pd ratio of 4
deserved further elaboration. Cyclization2bfvith a scalemic
composition of AntPhos showed a good linear retetiip of
ee’s between the ligand argh (Figure 1), indicating the
reaction catalyzed by a palladium catalyst with iagle
AntPhos ligand. Thus, we speculated that the rdlehe ) ' ) )
excess ligand in the transformation was to intiaitkground ~ Figure 2. Mechanistic consideration
or non-enanatioselective side-reaction. In panriculthe o ) )
secondary amine derived from decarbonylation cqlky a To demonstrate the practicality of this asymmetric
role for the enantiomeric loss. Under CO atmosphéfte cyclization, the synthe3|s_6f was carried out at a gram scale
decarbonylation was effectively inhibited and a lpaladium ~ (Scheme 2). Thus, aminél was transformed ta2l by

loading of 1 mol % was successfully achieved. treatment of triphosgene and triethylamine in
dichloromethane. After aquesous workup, the cr@devas

subjected for the asymmetric palladium-catalyzed
carbamoylation under the optimized reaction coadgiand

100 | &
< the desired produ@ was isolated in 90% vyield (0.99 g) and
g |9 96% ee.
o
[0
60 | O 1)
/Bu\NH
40 1) triphosgene, Et;N, DCM N—/Bu
O O 2) Pd(OAc),, (R)-AntPhos B
20 PiVOH, Cs,COj, CO (9 atm) @
0 ee of AntPhos (%) 1 toluene, 80°C, 24 h 3
0 20 40 60 80 100 90% yield, 96% ee
(1.09) (0.99g)

Figure 1. A linear relationship of ees between ligand AntPhosScheme 2. Gram-scale preparatio3lof
and producs8l



3. Conclusion

In summary,
palladium-catalyzed C(8pH carbamoylation. With chiral
monophosphorus ligandR(-AntPhos as the ligand, a series of
chiral isoindolines were prepared from diarylmethyl
carbamoyl chlorides in excellent  vyields and
enantioselectivities with the palladium loading las as 1
mol %. Mechanistic studies indicated the asymmetri
cyclization catalyzed a palladium species withregks chiral
monophosphorus ligand. This practical method hasiged a
facile and valuable avenue for preparing chiraltdats in
particular chiral isoindoline products for medidichemistry.

4, Experimental section

4.1 General procedures

NMR spectra and data were recorded on a Bruk
DRX 500 NMR Spectrometer with CD£IDMSO-D;s or
CD;0D as the solvent. 13C chemical shifts were acquire
with 1H decoupling. MS data were measured on a
Agilent 1100 Series LC/MSD mass spectrometer.
Column chromatography was performed with silica gel

All reagents were used as received from commerci
sources unless otherwise specified or prepared
described in the literature. All reagents were \Weidjand
handled in air and refilled with an inert atmospghef
nitrogen an inert atmosphere of nitrogen except for
special description in the experimental procedure.

4.2 Synthetic procedures of ligand
P-Chiral monophosphorus I|gands were prepared doapr
to procedures described in our previous reports’

4.3 Synthesis procedur es of secondary amines
4.3.1 General procedure
R

A

R” ONH
Substratesla-b, let was prepared as follows: To a
solution of benzophenone (1.5 g, 8.23 mmol) in DCA
mL) was charged secondary amine (2.0 equiv) folthveg
slow addition of TiCJ (1.2 mL, 1.2 equiv) at OC. The
resulting mixture was stirred at rt for 8 h follodvdy the
addition of NaBHCN (600 mg in 10 mL THF). The mixture
was stirred for additional 4 hours before additafraqueous
NaOH solution (20% w/w, 100 mL) to quench the react
The organic layer was separated and the aqueos ptas
extracted with DCM. The combined organic phasesewer
dried over anhydrous sodium sulfate,

concentrated. The residue was purified by silicogpéumn
chromatography to give product.

o]

. X

R

2 TiCly, DCM

NaBH;CN, THF

Compoundla: 95% vyield; colorless oi*H NMR (500 MHz,
CDCly) 67.41 (d,J=8.0 Hz, 4H), 7.32 (mJ = 7.0 Hz, 4H),
7.23 (d,J = 6.5 Hz, 2H), 4.72 (s, 1H), 2.44 (s, 3H)C NMR
(125 MHz, CDC}) ¢ 143.93, 128.46, 127.26, 126.98, 69.58,
35.12; HR-MS (ESI): Calculated for GHisN [M+H]:
198.1276 Found: 198.1277

Compoundlb: 95% vyield; colorless oil*H NMR (500 MHz,
CDCly) 6 7.42 (d,J = 8.0 Hz, 4H), 7.32 (tJ = 7.5 Hz, 4H),
7.23 (t,J = 7.5 Hz, 2H), 5.01 (s, 1H), 1.10-1.14 (m, 6HC

we have described an enant|oselect|v

ef.

5
NMR (125 MHz, CDCY) & 144.61, 128.42, 127.39, 126.84,
4.29, 46.12, 23.23; HR-MS (ESITalculated for GHigN
Av+H]: 226.1589 Found: 226.1590.

Compoundle: 90% yield; colorless oitH NMR (500 MHz,
CDCly) 6 7.42(d,J = 7.5 Hz, 4H), 7.31 (t) = 7.5Hz, 4H),
7.22 (t,J= 7.5 Hz, 2H), 4.84 (s, 1H) 2.59 &= 7.0 Hz, 2H),

- 1.55(m, 2H), 1.31(m, 4H), 0.90 (= 7.5 Hz, 3H);®*C NMR
d

(125 MHz, CDCY)) § 144.18, 128.43, 127.29, 126.92, 67.60,
48.28, 29.84, 29.54, 22.61, 14.08R-MS (ESI): Calculated
for CigHaaN [M+H]: 254.1903, Found 254.1903

Compound1f: 88% yield (1.88 g); colorless oitH NMR
(500 MHz, CDC}) ¢ 7.41(d,J = 8.5 Hz, 4H), 7.30 (t)= 8.5
Hz, 4H), 7.21(tJ = 7.5 Hz, 2H), 4.82 (s, 1H), 2.10 = 7.5
Hz, 2H), 1.66 (m, 1H), 2.10 (m, 2H), 0.88 &+ 6.5 Hz, 6H);
3C NMR (125 MHz, CDGCJ) § 144.39, 128.41, 127.25,
126.87, 67.77, 46.46, 39.40, 26.04, 22.70; HR-MSIYE

I§r3alculated for GHo4N [M+H]: 254.1902, Found: 254.1903

Compoundlg: 54% yield (1.05 g); colorless oitH NMR
00 MHz, CDC}) 6 7.42 (d,J = 7.5 Hz, 4H), 7.31(t) = 7.5
, 4H), 7.23 (tJ = 7.5 Hz, 2H), 4.85 (s, 1H), 3.2 (m, 1H),

VA
ﬁzo (m, 2H), 1.63-1.80 (m, 3H), 1.55 (m, 1HJC NMR

(125 MHz, CDC}) ¢ 143.81, 128.45, 127.35, 127.02, 64.48,
52.07, 31.37, 14.71; HR-MS (ESI): Calculated forHzN
[M+H]: 238.1590, Found: 238.1590

Compound1h: 80% yield (1.65 g); colorless oifH NMR
(500 MHz, CDC}) 8 7.44 (d,J= 7.5 Hz, 4H), 7.34 () = 7.5
Hz, 4H), 7.24 (tJ = 7.5 Hz, 2H), 4.95 (s, 1H), 3.0-3.1 (m,
1H), 1.85-1.92 (m, 2H), 1.67-1.76 (m, 2H), 1.3881.6n,
4H); °C NMR (125 MHz CDCl) § 144.33, 128.43, 127.47,
126.91, 65.73, 57.66, 33.19, 23.87; HR-MS (ESl)c@ated
for CigHooN [M+H]: 252.1746, Found: 252.1747

Compoundli: 93% yield (2.03 g); colorless oifH NMR
(500 MHz, CDC}) 6 7.41 (d,J = 7.5 Hz, 4H), 7.32 () = 7.5
Hz, 4H), 7.22 (tJ = 7.5 Hz, 2H), 5.07 (s, 1H), 2.39-2.50 (m,
1H), 1.95-2.03 (d, 2H), 1.67-1.77 (m, 2H), 1.59 (H), 1.08-
1.26 (m, 5H);*C NMR (125 MHz, CDCl;) ¢ 144.78,
128.39, 127.40, 126.79, 63.66, 53.96, 33.94, 262%1]12;
HR-MS (ESI): Calculated for gH,/N [M+H]: 266.1902,
Found: 266.1903

Compoundlj: 85% vyield (1.77 g); colorless oifH NMR
(500 MHz, CDC}) & 7.45 (d,J= 7.5 Hz, 4H), 7.32 () = 7.5
Hz, 4H), 7.23 (tJ = 7.5 Hz, 2H), 4.99 (s, 1H); 2.42 (m, 1H),
1.49 (m, 4H), 0.91 (t) = 7.5 Hz, 6H);"*C NMR (125 MHz,

filtered andCDCl;) 0 144.82, 128.36, 127.49, 126.81, 63.97, 56.42, 25.68

9.67; HR-MS (ESI): Calculated for ;gH,4N
254.1903, Found: 254.1903.

[M+H]:

Compoundik: 87% yield (1.87 g); colorless oifH NMR

(500 MHz, CDC}) 8 7.33 (ddJ = 5.5, 2.5 Hz, 4H) 6.99 (§,=

8.5 Hz, 4H) 4.94 (s, 1H); 2.71 (m, 1H), 1.08 Jds 6.5 Hz,

6H): 13C NMR (125 MHz, CDC}) § 161.77 (d,J = 243.8 Hz),

140.16 (d,J = 2.5 Hz), 128.69 (dJ = 8.75 Hz), 115.23 (d,
J=21.25Hz), 62.86, 46.07, 23.15; HR-MS (ESI): Caitedi
for CigH1sFN [M+H]: 262.1402, Found :262.1408F NMR

(300 MHz, CDC}) 6 -116.37
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Compoundll: 94% yield (1.85 g); colorless oitH NMR  Compoundls: 93% yield; light yellow oil;'"H NMR (500
(500 MHz, CDC}) 6 7.44 (dJ=7.5Hz, 4H), 7.32 ()= 7.5 MHz, CDCk) 6 7.31 (d,J = 10.0 Hz, 4H), 7.12 (d] = 10.0
Hz, 4H), 7.22 (t) = 7.5 Hz, 2H), 4.82 (s, 1H), 2.42 @= 7.0  Hz, 4H) 4.76 (s, 1H), 2.41 (d,= 10.0 Hz, 2H), 2.32 (s, 6H),
Hz, 2H), 1.80 (m, 1H), 0.96 (d = 6.5 Hz, 6H);"*C NMR  1.79 (m, 1H), 0.94 (d] = 10.0 Hz, 6H);**C NMR (125 MHz,
(125 MHz, CDC}) ¢ 144.51, 128.41, 127.29, 126.87, 67.65,CDCl;) 5 141.19, 136.32, 129.10, 127.10, 67.03, 56.26,128.6
56.26, 28.63, 20.74; HR-MS (ESI): Calculated forHz.N 21.07, 20.76; HR-MS (ESI): Calculated fogg8,N [M+H]:
[M+H]: 240.1746, Found: 240.1747 268.2058, Found: 268.2060

Compound1m: 83% vyield (1.9 g); colorless oifH NMR  Compoundit: 78% yield; white solid!H NMR (500 MHz,
(500 MHz, CDCJ) § 7.43 (dJ = 7.5 Hz, 4H), 7.31 (§ = 7.5  CDCl) 5 7.32 (dd,J = 25, 7.5 Hz, 8H), 4.75 (s, 1H), 2.39 (d,
Hz, 4H), 7.22 (tJ = 7.5 Hz, 2H), 4.81 (s, 1H), 1.89 (s, 1H), J= 7.0 Hz, 2H), 1.78 (m, 1H), 1.29 (s, 18H), 0.92J¢& 7.0
1.79-1.82 (d, 2H), 1.64-1.76 (m, 3H), 1.46-1.56 (bhf),  Hz, 6H); °C NMR (125 MHz, CDCl) 5 149.48, 14150,
1.12-1.32 (m, 3H), 0.89-0.98 (m, 2HFC NMR (125 MHz, 126.87, 125.24, 67.00, 56.27, 34.39, 31.38, 2&65(5; HR-
CDCl) 5 144.40, 128.41, 127.30, 126.88, 67.67, 54.98,437.2 MS (ESI): Calculated for £HsgN [M+H]: 352.2996, Found:
31.50, 26.73, 26.11; HR-MS (ESI): Calculated foptGN — 392-2999

[M+H]: 280.2060, Found: 280.2060

Compoundlp: 86% yield (1.95 g); colorless oifH NMR ~ 4-3:2 Synthesisof compound 1c

(500 MHz, CDC}) & 7.34 (dd,J = 5.5, 3.0 Hz, 4H), 6.98 (4,

= 9.0 Hz, 4H), 4.75(s, 1H), 2.35 (@z= 7.0 Hz, 2H), 0.92 (d]

= 6.5 Hz, 6H);"*C NMR (125 MHz, CDC}) 6 161.80 (dJ =

243.7 Hz), 140.06 (dJ = 3.8 Hz) 128.59 (dJ = 8.75 Hz)

115.24(d,J = 21.2 Hz) 66.19, 56.09, 28.60, 20.67; HR-MS “NaBH(OA);_

(ESI): Calculated for GH;oF,N [M+H]: 276.1558, Found: +Me° OMe ™A on DCE O O

276.1558;"°F NMR (300MHz, CDC}) 6 -116.29

Compoundlqg: 90% vyield (2.3 g); colorless oflH NMR (500

MHz, CDCk) 8 7.32 (d,J = 8.5 Hz, 4H), 7.26 (d] = 8.5 Hz, i ) _

4H), 4.73(s, 1H), 2.35 (dI=6.5Hz, 2H), 1.74 (m, 1H), 0.92 To a mlxlture of dlphenylmethylamme (1.0, g5.45
(d’ J= 6.5 Hz, 6H);13C NMR (125 MHz, CDQ) 6 142,57, mmol 1.0 equw) and 2,4,6—tr|methoxybenzaldehyd@llg

132.74, 128.66, 128.48, 128.47, 66.35, 56.07, 2826166 5.45 mmol, 1.0 equiv) in dichloroethane (20 mL)ratvas
HR-MS (ES|)Z Calculated for GH,CLN [M+H]Z 308.0966, added NaBH(OA@,)(Zﬁ g, 10.85 mmol, 2.0 equiv) followed
Found: 308.0967 by dropwise addition of AcOH (0.62 mL, 10.85 mmaIp

equiv). The mixture was stirred until the startintaterial
Compoundin: 94% yield; light yellow oil;'H NMR (500 disappeared completely by TLC. Water (30 mL) wareatito
MHz, CDCE) § 7.69(s, 2H), 7.58 (d] = 5.0 Hz, 2H), 7.49 (d, quench the reaction. The organic layer was sephuatd the
J=5.0 Hz, 2H), 7.43 (tJ = 5.0 Hz, 2H), 4.89 (s, 1H), 2.37 aqueous phase was extracted with dichloroethanen(20D
(d, J = 10.0 Hz, 2H), 1.76 (m, 1H), 0.94 @@= 5.0 Hz, 6H); The_ combined organic phase was dried over anhydrous
13C NMR (125 MHz, CDC}) 6 144.65, 130.9 (d] = 32.5 Hz), sodium sulfate, filtered, and concentrated. Thedues was

130.6 (d,J = 1.3 Hz), 129.1, 124.1 (d,= 27.0 Hz), 124.2 (d, purified by silica gel column chromatography to \ide
J = 3.8 Hz), 123.9 (dJ = 3.8 Hz), 123.0, 67.0, 56.1, 28.6 product 1c as white solid. Compoundc: 94% Yield; *H

20.6; HR-MS (ESI): Calculated for @HaFsN [M+H]:  NMR (500 MHz, CDCY) 6 7.44 (dJ = 7.5 Hz, 4H), 7.30 (4

376.1493, Found: 376.149%F NMR (300 MHz, CDC}) 3 - = /-5 Hz, 4H), 7.21 (1) = 7.5 Hz, 2H), 6.14(s, 2H), 4.82(s,
6291 1H), 3.84(s, 3H), 3.79(s, 2H), 3.75(s, 6HIC NMR (125

MHz, CDCk) ¢ 160.32, 159.48, 144.65, 128.20, 127.55,
Compoundlo: 88% vyield; light oil: 'H NMR (500 MHz, 126.67, 109.30, 90.42, 66.34, 55.52, 55.34, 39t8R:MS
CDC|3) §7.17-7.25 (m' GH), 7.03 (d,: 10.0 Hz, 2H), 473(5, (ES') Calculated for &H-eNO3 [M+H] 364.1906, Found:
1H), 2.40 (d,) = 5.0 Hz, 2H), 2.34 (s, 6H), 1.80 (m, 1H), 0.94 364.1907
(d, J = 10.0 Hz, 6H);*C NMR (125 MHz, CDC}) § 144.49,
137.93, 128.27, 128.26, 127.97, 127.61, 124.3GX%5H6.30, 433 General procedures for Carbamoy| chloride
28.55, 21.51, 20.79:R-MS (ESI): Calculated for fH,N  formation and enantioselective palladium-catalyzed

[M+H]: 268.2059, Found: 268.2060 cyclization

Compoundir: 90% yield: light yellow oil;’H NMR (500 & tiphosgene O hyomey {
MHz, CDCL) & 7.56 (d,J = 8.5 Hz, 4H), 7.53 (dJ = 8.5 Hz, NH EgnDoM Ry (R-AntPhos @dN*R
4H), 4.89 (s, 1H), 2.37 (d,= 6.5 Hz, 2H), 1.77 (m, 1H), 0.93 “ ‘)\‘ pe— .
(d, J = 7.0 Hz, 6H):*C NMR (125 MHz, CDCJ) & 147.58, 0 C () oS @)
129.56 (q,d = 32.5 Hz), 127.49, 125.59 (d, = 3.8 Hz), 1 3

124.06 (qJ = 270 Hz), 67.01, 56.08, 28.65, 20.8%F NMR

(300 MHz, CDCY{) 8 -62.86; HR-MS (ESI): Calculated for To a solution of aminel (0.2 mmol, 1.0 equiv) and

CiHa0FeN [M+H]: 376.1495, Found: 376.1494 trimethylamine (0.086 mL, 3.0 equiv) in dichloroatte (2.0
mL) at 0 °C was added dropwise a solution of triphosgene
solution (0.2 mmol in 2 mL DCM). The mixture wasoated



to warm to rt and stirred for 6 h. Saturated sodnicarbonate
solution (20 mL) was added to quench this reactiorhe

organic layer was separated and the aqueous phase WC,H,;NO [M+H]: 280.1694,

extracted with dichloroethane for 3 times (2 mL X Bhe
combined organic phase was dried over anhydrougirsod
sulfate, filtered, and concentrated. The residues waed
directly for the next step without any further gigation. To
the mixture of Pd(OAg)0.4 mg, 1 mol %),R)-AntPhos (3.0
mg, 4 mol %), PivOH (7.0 mg, 30 mol %), £ (66 mg,
1.0 equiv) and substra(~0.2 mmol) was added toluene (2
mL) in the glove box. The mixture was then tranérto an
autoclave and charged with CO pressure (9 atm).niik&ure

was stirred at 8071 for 24 h. Water (2 mL) was added to the

mixture to quench the reaction. The organic layessw
separated and the aqueous phase was extracteBtWifc (2

mL X 3). The combined organic phase was dried ove

anhydrous sodium sulfate, filtered, and concerdratEhe
residue was purified by silica gel column chromaapdy to

7
123.46, 122.97, 64.30, 38.45, 37.02, 25.82, 222520,
MS (ESI): [M+HT] 280.05; HR-MS (ESI): calculated for
found: 280.1696p]p>

62.38 (c = 1, CHG)

Product3g: 80% vyield; 94% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,
CDCly) 5 7.82-7.86 (m, 1H), 7.39-7.44 (m, 2H), 7.30-7.36 (m
3H), 7.18-7.22 (m, 2H), 7.09-7.13 (m, 1H), 5.56 bl), 4.5
(m, 1H), 2.50 (m, 1H), 2.23(m, 1H), 2.12 (m, 1H)9Q (m,
1H), 1.55-1.65 (m, 2H)!*C NMR (125 MHz, CDC}) §
168.98, 146.53, 138.81, 131.67, 129.01, 128.31,.1728
126.96, 123.40, 122.80, 109.99, 64.26, 48.17, 29814,
15.73; MS (ESI): [M+H] 264.00; HR-MS (ESI): calculated
for CigH,:NO [M+H]: 264.1382, found: 264.1383¢]p> = -
22.95 (c = 0.5, CHG)

give product3, whose enatiomeric excess was determined by

chiral HPLC.

Product3a: 91% yield; ee 79%; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,

CDCl) & 7.86-7.9 (m, 1H), 7.42-7.47 (m, 2H), 7.20-7.40 (m,

3H), 7.10-7.20 (m, 3H), 5.34 (s, 1H), 2.98 (s, 3H¢ NMR

Product3h: 88% yield; 91% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,
CDCly) & 7.80-7.87 (tJ = 5.0 Hz 1H), 7.39-7.44 (m, 2H),
7.29-7.34 (m, 3H), 7.17-7.21 (d,= 10.0 Hz, 2H), 7.06-7.10
(t, J= 5.0 Hz, 1H), 5.49 (s, 1H), 4.20 (m, 1H), 1.98 (rhi),
1.80-1.89 (m, 1H), 1.71-1.76 (m, 1H), 1.41-1.64 &H); *°C

(125 MHz, CDC}) § 168.70, 146.03, 136.96, 131.64, 129.13,\\R (125 MHz, CDCJ) 3 169.11, 146.67, 138.81, 131.95,

128.64, 128.44, 128.42, 128.28, 127.39, 123.43,.9R22
66.60, 27.49; MS (ESI): [M+H found: 224.05; HR-MS
(ESI): calculated for GHisNO [M+H]: 224.1070, found:

224.1074; §]p>°> = -61.04 (c = 1, CHG).

Product3b: 90% vyield; ee 94%; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,

CDCl) 5 7.86 (m, 1H), 7.42 (m, 2H), 7.32 (m, 3H), 7.19 (m,

2H), 7.07 (m, 1H), 5.48 (s, 1H), 1.35 @@= 10.0 Hz, 3H),
1.03 (d,J = 10.0 Hz, 3H);"*C NMR (125 MHz, CDG)) &
168.81, 146.79, 138.82, 131.93, 131.59, 128.82,.4P28
128.14, 127.69, 123.26, 122.87, 63.83, 45.22, 212D458;
MS (ESI): [M+H7 found: 252.10; HR-MS (ESI): calculated
for Ci7H12NO [M+H]: 252.1383, found: 252.1384]p>° = -
54.88 (c = 1, CHG).

Product3e: 57% yield; 93% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,

131.54, 128.91, 128.35, 128.11, 127.27, 123.20,.8122
64.96, 55.24, 29.81, 29.39, 23.91, 23.68; MS (EM)H]
278.00; HR-MS (ESI): calculated for (§El;gNO [M+H]:
278.1538, found: 278.153%]p* = -127.76 (c = 1, CHG)

Product 3i: 94% vyield; 95% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntit NMR (500 MHz,
CDCly) 6 7.84-7.88 (m, 1H), 7.41 (m, 2H), 7.30-7.34 (m, 3H)
7.16-7.20 (m, 2H), 7.03-7.06 (m, 1H), 5.49 (s, 18194-4.02
(m, 1H), 1.74-1.85 (m, 3H), 1.51-1.64 (m, 3H), 2232 (m,
2H), 1.06-1.17 (m, 1H), 0.93-1.04 (m, 1HJC NMR (125
MHz, CDCk) & 168.85, 146.93, 139.00, 131.76, 131.55,
128.77, 128.35, 128.08, 127.58, 123.31, 122.8B6%3.41,
31.58, 31.10, 26.06, 25.93, 25.36; MS (ESI): [M}R92.20;
HR-MS (ESI): calculated for £H,,NO [M+H]: 292.1694,
found: 292.1696;d]5>° = -130.69 (c = 1, CHG)

Product3j: 77% yield; 99% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,

CDCly) 5 7.86-7.91 (m, 1H), 7.42-7.48 (m, 3H), 7.10-7.2Q (m hexanes/isopropanol: 80/20, 254 nthit NMR (500 MHz,

3H), 5.44 (s, 1H), 3.92 (m, 1H), 2.85 (m, 1H), 1(B3 2H),
1.27 (m, 4H), 0.84 () = 10.0 Hz, 3H)*C NMR (125 MHz,

CDCly) 6 7.85-7.90 (m, 1H), 7.41-7.47 (m, 2H), 7.27-7.33 (m
3H), 7.11-7.17 (m, 2H), 7.03-7.08 (m, 1H), 5.411(), 3.84

CDCl) 6 168.53, 146.22, 137.15, 131.56, 129.05, 128.58(m, 1H), 1.67-1.86 (m, 2H), 1.17-1.30 (m, 2H), @AB815

128.23, 127.53, 123.49, 122.97, 64.38, 40.13, 2&89M1,

22.31, 13.90; MS (ESI): [M+H 280.00; HR-MS (ESI):

calculated for GH,;NO [M+H]: 280.1696, found: 280.1696;
[a]p?® = -51.97 (c = 1, CHG)

Product 3f: 74% vyield; 99% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,
CDCly) 5 7.80-7.90 (m, 1H), 7.40-7.50 (m, 2H), 7.26-7.32 (m
3H), 7.10-7.18 (m, 2H), 7.03-7.08 (m, 1H), 5.411(d), 3.82-
3.91 (m, 1H), 1.68-1.84 (m, 2H), 1.85-1.30 (m, 261y,4-0.82
(m, 6H); °C NMR (125 MHz, CDC}) 6 168.43, 146.21,
137.12, 131.78, 131.55, 129.05, 128.60, 128.23,.5827

(m, 6H); **C NMR (125 MHz, CDC}) 6 169.57, 146.72,
138.56, 131.95, 131.62, 128.64, 128.56, 128.33,.1%8
123.35, 123.01, 64.11, 57.38, 26.32, 25.93, 111489; MS

(ESD): [M+H"] 280.45; HR-MS (ESI): calculated for
CigH:NO [M+H]: 280.1695 found: 280.1696¢]p> = -36.50

(c =1, CHCY

Product3k: 74% vyield; 96% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthit NMR (500 MHz,
CDCly) 6 7.51 (dd,J = 10.0, 5.0 Hz, 1H), 7.10-7.20 (m, 3H),
6.95-7.05 (m, 3H), 5.45 (s, 1H), 4.29 (m, 1H), 1831 =5.0
Hz, 3H) 1.03 (d,J = 5.0 Hz, 3H);**C NMR (125 MHz,



8

CDCly) 6 167.49 (dJ = 2.5 Hz), 163.83 (dJ = 26.3 Hz),
161.9 (d,J = 25.0 Hz), 141.99, 134.16 (d= 2.5 Hz), 134.0
(d, J= 8.8 Hz), 129.3 (dJ = 8.8 Hz), 124.4 (dJ = 8.8 Hz),
119.3 (d,J = 23.8 Hz), 115.98 (d] = 21.3 Hz), 110.02 (dl =
22.5 Hz), 62.72, 45.45, 21.16, 20.55; MS (ESI): M}
288.05; HR-MS (ESI): calculated for,£i;sF,NO [M+H]:
288.1193, found: 288.1194% NMR (300 MHz, CDG)): &-
113.25; ]p?° = -38.97 (c = 1, CHG)

Product3l: 98% yield; 99% ee; white solid; Chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,
CDCly) 6 7.90 (m, 1H), 7.45 (dd] = 5.6, 3.1 Hz, 2H), 7.31-
7.37 (m, 3H), 7.14-7.18 (m, 1H), 7.1-7.13 (m, 2Bl}3 (dd,J

= 15.0, 10.0 Hz, 1H) 2.66 (dd,= 15.0, 10.0 Hz, 1H); 1.88-
1.99 (m, 1H) 0.89 (dd] = 15.0, 10.0 Hz, 6H)**C NMR (125
MHz, CDCkL) ¢ 168.86, 146.24, 137.7, 131.62, 129.08,
128.60, 128.25, 127.55, 123.61, 122.96, 64.78,5%4724.57,
20.40, 19.86; MS (ESI): [M+H 266.15; HR-MS (ESI):
calculated for GgH;gNO [M+H]: 266.1538, found: 266.1539;
[a]p?®=-109.92 (c = 1, CHG)

Product3m: 87% vyield; 96% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntilt NMR (500 MHz,
CDCly) 6 7.80-7.90 (m, 1H), 7.42-7.47 (m, 2H), 7.30-7.37 (m,
3H), 7.14-7.17 (m, 1H), 7.10-7.13 (m, 2H), 5.451H), 3.78
(dd,J =15.0, 10.0 Hz, 1H), 2.66 (dd, = 15.0, 10.0 Hz, 1H),
1.57-1.67 (m, 6H), 1.10-1.20 (m, 3H), 0.92-1.02 AH); °C
NMR (125 MHz, CDC}) ¢ 168.86, 146.23, 137.13, 131.62,
131.58, 129.06, 128.58, 128.23, 127.55, 123.58,.9822
64.99, 46.26, 36.89, 31.08, 30.52, 26.33, 25.817®5MS
(ESI): [M+H] 306.40; HR-MS (ESI): calculated for
CoiHsNO [M+H]: 306.1851, found: 306.1852p]p%
94.39 (c = 1, CHQ)

Product3c: 61% vyield, 96% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthl NMR (500 MHz,
CDCl,) 6 7.88 (d,J = 10.0 Hz, 1H), 7.33-7.41 (m, 2H); 7.22-
7.28 (m, 3H), 7.03 (dJ = 5.0 Hz, 1H), 7.0 (m, 2H), 6.0 (s,
2H), 5.16 (s, 0.5H), 5.13 (s, 1H), 4.27 (d, 15.Q #HH), 3.79
(s, 3H), 3.57 (s, 6H)**C NMR (125 MHz, CDC}) ¢ 168.32,
161.06, 159.74, 146.74, 138.26, 131.26, 131.17,.3828
127.79, 127.66, 126.97, 123.42, 122.74, 104.9818%3.91,
55.37, 55.28, 33.07; MS (ESI): [M+H 390.20; HR-MS
(ESI): calculated for &H,3NO, [M+H] 390.1705, found:
90.1703; §]p*° = -26.44 (c = 1, CHG)

Product3n: 72% vyield; 75% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,
CDCly) § 8.04 (d,J = 10.0 Hz, 1H), 7.77 (d] = 5.0 Hz, 1H),
7.66(d,J = 10.0 Hz, 1H), 7.53 (t) = 10.0 Hz, 1H), 7.42 (d]

= 5.0 Hz, 2H), 7.29 (dJ = 10.0 Hz, 1H), 5.57 (s, 1H), 3.77
(dd, J = 15.0, 5.0 Hz, 1H), 2.65 (dd,= 15.0, 10.0 Hz, 1H),
1.92 (m, 1H), 0.90 (ddl = 20.0, 10.0 Hz, 6H)**C NMR (125
MHz, CDCk) & 167.32, 145.68, 137.26, 133.95 (dd; 64.5,
31.5 Hz), 131.93 (ddJ = 64.5, 33.0 Hz), 130.75, 130.11,
129.37, 126.14 (dd] = 6.0, 3.0 Hz), 124.57, 124.51 @@=
7.5 Hz), 124.48, 122.70(d,= 7.5Hz), 120.22 (d] = 4.5 Hz),
64.22, 47.76, 27.57, 20.34, 19.81; MESI) : [M+H"]

Tetrahedron

402.10; HR-MS (ESI): calculated forg;7FNO [M+H]:
402.1284, found: 402.128%]p> = -50.45 (c = 1, CHG)

Product3o0: 84% yield, 89% ee; white solid; chiral HPLC
conditions: Chiralpak 1B, 20C , flow rate: O.mL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,
CDCly) §7.77 (d,J = 10.0 Hz, 1H), 7.24 () = 10.0 Hz, 2H),
7.13 (d,J = 5.0 Hz, 1H), 6.93-6.97 (m, 2H), 6.87 (s, 1H),66.3
(s, 1H), 3.73 (ddJ = 10.0, 5.0 Hz, 1H), 2.64 (dd= 10.0, 5.0
Hz, 1H), 2.35 (s, 3H), 2.31 (s, 3H), 1.87-1.97 (rH)), 0.88
(dd, J = 10.0 Hz, 5 Hz, 6H)**C NMR (125 MHz, CDC}) §
168.97, 146.71, 142.21, 138.87, 137.19, 129.31,.2129
129.01, 128.87, 127.88, 124.72, 123.40, 123.343%417.33,
27.55, 21.84, 21.41, 20.41, 19.85; MS (ESI): [M}294.45;
HR-MS (ESI): calculated for 5gH,sNO [M+H]: 294.1853,
found: 294.1855d]p> = -43.85 (c = 1, CHG)

Product3p: 83% vyield; 95% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 20C , flow rate: OmL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,
CDCly) 87.55 (dd,J = 10.0, 5.0 Hz, 1H); 7.16 (td,=10.0, 5.0
Hz, 1H), 7.00-7.13 (m, 5H), 5.41 (s, 1H), 3.70(dds 10.0,
5.0 Hz, 1H), 2.63 (ddj = 10.0, 5.0 Hz, 1H), 1.90 (m, 1H),
0.88 (dd,J = 10.0, 5.0 Hz, 6H)}3*C NMR (125 MHz , CDC})

5 167.53 (dJ) = 3.8 Hz), 163.92 (d] = 20.0 Hz), 161.90 (d]

= 21.3 Hz), 141.45 (d) = 1.3 Hz), 133.72 (dJ = 8.8 Hz),
132.5 (d,J = 2.5 Hz), 129.24 (d) = 7.5 Hz), 124.51 (d) =
8.8 Hz) 119.25 (dJ = 23.8 Hz), 116.22 (dJ = 21.3 Hz),
110.39 (d,J = 23.8 Hz), 63.68, 47.62 , 27.56 , 20.35, 19.82;
MS (ESI): [M+H7] 302.05; HR-MS (ESI): calculated for
CigH17FNO [M+H]: 302.1349, found: 302.1351°F NMR
(300MHz, CDCY): 6 -113.00; f]p>°> = -72.78 (c = 1, CHG)

Product3q: 91% vyield; 92% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 20C , flow rate: OmL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,
CDCly) 6 7.86 (d,J = 2.5 Hz, 1H), 7.43 (dd] = 10.0, 2.5 Hz,
1H), 7.33 (dJ = 10.0 Hz, 2H), 7.07 (dl = 10.0 Hz, 1H), 7.04
(d,J=10.0 Hz, 2H), 5.40 (s, 1H), 3.70 (dbs 15.0, 10.0 Hz,
1H), 2.63 (ddJ = 15.0, 5.0 Hz, 1H), 1.84-1.94 (m, 1H), 0.88
(dd, J = 15.0, 5.0 Hz, 6H)**C NMR (125 MHz, CDC}) &
167.33, 143.88, 135.05, 134.88, 134.81, 133.33,.9531
129.49, 128.84, 124.20, 123.90, 63.76, 47.62, 2726435,
19.81; MS (ESI): [M+H] 334.20; HR-MS (ESI): calculated
for CigH1,CLNO [M+H]: 334.0759, found :334.0760y]p” =
-74.69 (c =1, CHG)

Product3r: 73% yield; 92% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 20C , flow rate: OmL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,
CDCl; ¢ 8.19(s, 1H), 7.74 (d] = 5.0 Hz, 1H), 7.65 (d) =
10.0 Hz, 2H), 7.28 () = 5.0 Hz, 3H), 5.58 (s, 1H), 3.79 (dd,
J=10.0, 7.5 Hz, 1H), 2.66 (dd,= 15.0, 5.0 Hz, 1H), 1.88-
1.98 (m, 1H), 0.9 (dd, 15.0, 5.0 Hz, 6HjC NMR (150 MHz,
CDCl;) & 167.35, 148.50, 140.24, 132.30, 131.51(dds
88.5, 55.5Hz), 131.50 (dd, = 42.0, 9.0 Hz) , 128.8 (dd,
=7.5, 3.0 Hz), 127.88, 126.44 (dbs 7.5, 4.5 Hz), 124.59 (d,
J=4.5 Hz), 123.67, 122.78 (d,= 4.5 Hz), 121.34 (dd] =
7.5, 4.5 Hz), 64.13, 47.73, 27.58, 20.37, 19.82; (&SI):
[M+H] 402.15; HR-MS (ESI): calculated for,g;,;FsNO
[M+H]: 402.1284, found: 402.1287p]p> = -74.41 (c = 1,
CHCL)



Product3s: 91% vyield; 95% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 ntht NMR (500 MHz,
CDCly) 6 7.69 (m, 1H), 7.25 (m, 1H), 7.14 (d,= 5.0 Hz,
2H), 7.04 (dJ = 5.0 Hz, 1H), 6.98 (d] = 10.0 Hz, 2H), 5.38
(s, 1H), 3.71 (ddJ = 15.0, 10.0 Hz, 1H), 2.64 (dd,= 15.0,
5.0 Hz, 1H), 2.43 (s, 3H), 2.34 (s, 3H), 1.87-1(8&7, 1H),

0.88 (dd,J = 10.0, 5.0 Hz, 6H)}*C NMR (125 MHz, CDC}) 5

& 168.92, 143.78, 138.32, 138.20, 134.25, 132.54, 7113
129.70, 127.44, 123.74, 122.64, 64.33, 47.37, 2724731,
21.15, 20.40, 19.85; MS (ESI): [M+H 294.40; HR-MS
(ESI): Calculated for ¢H,3NO [M+H]: 294.1851, found
:294.1852; §]p>° = -71.68 (c = 1, CHG)

Product3t: 91% vyield; 96% ee; white solid; chiral HPLC
conditions: Chiralpak AD-H, 207, flow rate: 0.7 mL/min,
hexanes/isopropanol: 80/20, 254 nthf NMR (500 MHz,

CDCl) § 7.92 (d,J = 5.0 Hz, 1H), 7.48 (dd] = 10.0, 5.0 Hz, 4.

1H), 7.34 (dJ = 10.0 Hz, 2H), 7.10 (d} = 10.0 Hz, 1H), 7.03
(d, J=10.0 Hz, 2H), 5.40 (s, 1H), 3.75 (dbks 15.0, 10.0 Hz,
1H), 2.66(dd,J = 15.0, 5.0 Hz), 1.90-1.99 (m, 1H), 1.35(s,
9H), 1.30 (s, 9H), 0.89 (dd,= 10.0, 5.0 Hz, 6H)**C NMR
(125 MHz, CDC}) & 169.23, 151.62, 151.39, 143.69, 134.09,
131.43, 128.94, 127.10, 125.90, 122.47, 120.28,5%47.35,
34.97, 34.58, 31.44, 31.28, 27.60, 20.43, 19.87; (&SI):

[M+H™] 378.20; HR-MS(ESI): calculated for ,§1;:sNO 5.

[M+H]: 378.2791, found: 378.2891p]p> = -53.88 (c = 1,
CHCl)
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